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DYNAMIC DATA VISUALIZATION FROM
FACTUAL STATEMENTS IN TEXT

BACKGROUND

The present invention relates generally to the field of
computing, and more particularly to data visualization.

Visualizing data 1s often more compelling than reading a
set of facts written within a textual document or presenta-
tion. Having a supporting visualization representing the
facts included 1n a presentation or document provides a
major benefit to an audience trying to comprehend the
underlying facts. However, creating such visualizations 1s a
difficult multi-step process nvolving finding the proper
supporting data and generating the proper data visualization
that illustrates the facts communicated by the text.

SUMMARY

Embodiments of the present invention disclose a method,
computer system, and a computer program product for
dynamic data visualization. The present invention may
include i1dentifying at least one set of facts 1n a human-
readable text document. They present invention may then
include retrieving, from an information source, a dataset
associated with the at least one 1dentified set of facts. The
present mvention may also include, 1n response to deter-
mimng that the retrieved dataset includes a fact-supporting,
dataset, wherein the fact-supporting dataset 1s configured to
validate the at least one 1dentified set of facts, generating at
least one data visualization based on the retrieved dataset.
The present invention may further include providing the at
least one generated data visualization for inserting into the
human-readable text document to support the at least one
identified set of facts.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

These and other objects, features and advantages of the
present invention will become apparent from the following
detailed description of illustrative embodiments thereof,
which 1s to be read 1n connection with the accompanying
drawings. The various features of the drawings are not to
scale as the illustrations are for clanty in facilitating one
skilled 1n the art 1n understanding the mvention 1n conjunc-
tion with the detailed description. In the drawings:

FIG. 1 illustrates a networked computer environment
according to at least one embodiment;

FI1G. 2 1s an operational flowchart 1llustrating a process for
data visualization according to at least one embodiment;

FIG. 3 1s a block diagram 1llustrating an exemplary data
visualization process implemented by an analytics program
according to at least one embodiment;

FIG. 4 1s a block diagram 1llustrating an exemplary data
visualization dashboard according to at least one embodi-
ment;

FIG. 5 15 a block diagram of internal and external com-
ponents of computers and servers depicted 1n FIG. 1 accord-
ing to at least one embodiment;

FIG. 6 1s a block diagram of an illustrative cloud com-
puting environment including the computer system depicted
in FIG. 1, mn accordance with an embodiment of the present
disclosure; and

FIG. 7 1s a block diagram of functional layers of the
illustrative cloud computing environment of FIG. 6, 1n
accordance with an embodiment of the present disclosure.
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2
DETAILED DESCRIPTION

Detailled embodiments of the claimed structures and
methods are disclosed herein; however, 1t can be understood
that the disclosed embodiments are merely illustrative of the
claimed structures and methods that may be embodied 1n
various forms. This invention may, however, be embodied in
many different forms and should not be construed as limited
to the exemplary embodiments set forth herein. Rather, these
exemplary embodiments are provided so that this disclosure
will be thorough and complete and will fully convey the
scope of this mvention to those skilled 1n the art. In the
description, details of well-known features and techniques
may be omitted to avoid unnecessarily obscuring the pre-
sented embodiments.

The present invention may be a system, a method, and/or
a computer program product at any possible technical detail
level of imtegration. The computer program product may
include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program 1nstructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program 1instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present imvention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine 1nstructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or either source code
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or object code written 1n any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the mmvention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the tlowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
istructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program 1nstructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the mstructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified i the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion ol instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the blocks may occur out of the order
noted 1n the Figures. For example, two blocks shown in
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succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality mvolved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

The following described exemplary embodiments provide
a system, method and program product for generating
dynamic data visualizations from factual statements 1 writ-
ten text. As such, the present embodiment has the capacity
to improve the technical field of analytics by automatically
generating data visualizations that validate and support the
factual statements 1 written text. More specifically, an
analytics program may process human-readable text 1n a
document or presentation to identify the facts contained
within the text. Then, the analytics program may validate the
identified facts against real data retrieved from an informa-
tion source. Thereatter, a data visualization may be produced
and 1nserted into the document or presentation to support the
textual facts based on the real data.

As described previously, visualizing data 1s often more
compelling than reading a set of facts written within a
textual document or presentation. Having a supporting visu-
alization representing the facts included 1n a presentation or
document provides a major benefit to an audience trying to
comprehend the underlying facts. However, creating such
visualizations 1s a diflicult multi-step process involving
finding the proper supporting data and generating the proper
data visualization that illustrates the facts communicated by
the text.

The most common means to solve this problem today 1s
to manually search for data and visualizations using a search
engine and manually copy the data visualization into a
document or presentation. Some existing technologies can
produce visualizations from data based on rules built into a
system. However, such existing technologies require the
data to be preloaded into the system or application. Some
newer tools can create a visualization of data from a natural
language processing (NLP) query, but such tools also require
the data to be preloaded 1nto the system or application. There
are existing NLP technologies that can analyze a text docu-
ment and link the factual statements to a corpus of consumed
data in order to validate and match the factual statements.
However, these NLP solutions typically do not work with
structured data or present the results as a data visualization.
Existing presentation tools provide a way to search for
pre-loaded graphics to imnclude 1n a presentation. However,
the pre-loaded graphics are static content that are manually
searched for and added to a presentation. Further, some
advanced search technologies can generate visualizations
from data that 1s matched to a search term in order to provide
a dynamic answer to a question (e.g., when 1s the busy time
for a particular store). However, such search technologies
are manually triggered from a search and represent an
alternate way to view the data 1n a search result.

Therefore, it may be advantageous to, among other things,
provide a way to generate a data visualization based on facts
identified 1n a text document and insert the generated data
visualization into the text document to support the identified
facts. It may also be advantageous to provide a way to
validate an existing data visualization in the text document
against the factual statements within the text document and
alert a user (e.g., author) 1f the existing data visualization
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does not support the factual statements 1n the text document.
It may turther be advantageous to provide a way to validate
that the existing data visualization 1s of a form that best
illustrates and supports the factual statements in the text
document. It may further be advantageous to provide a way
to embed an analytics program into a search engine to
enhance the returned textual search results by automatically
adding data visualizations generated based on related data
sources. Accordingly, an analytics program may enable a
user to create more compelling documents and presentations
and help the user validate the factual statements in the
documents and presentations during the authoring process.

According to at least one embodiment, an analytics pro-
gram may provide visualization for a set of facts 1n a text
document or validation of an existing visualization for a set
of facts 1n a text document. The analytics program may
implement an NLP component to identify facts 1n a text
document and group related facts into a set of facts. The
NLP component may be implemented to segment the text
document into full sentences and break apart the full sen-
tences to identily any factual statements in the sentences.
The NLP component may perform parts-of-speech tagging
for a given sentence and store the relevant terms into a
language independent data structure. The relevant terms
may be mapped to similar results 1n other sentences even 1t
the sentences include different sentence structures. For
example, a sentence, “the car 1s red.” may be broken down
into a subject (e.g., car), a verb (e.g., 1s (be)), and an object
(e.g., red). These relevant terms may be mapped or matched
to a question “what color 1s the car?” which may be broken
down 1nto a subject (e.g., car), a verb (e.g., 1s (be)), and an
object (e.g., color). The NLP component may group the
related sentences based on how closely the relevant terms
match, independent of the language of the sentences.

The present embodiment may include a data search com-
ponent to find datasets that support or conflict with the
expressed facts in the document or presentation. The ana-
lytics program may implement an internal data search com-
ponent or an external data search component to search for
structured data sets that can support the facts uncovered by
the NLP component.

According to at least one embodiment, the analytics
program may validate the datasets against the facts uncov-
ered by the NLP component to ensure that the values 1n the
dataset support the uncovered facts. According to another
embodiment, the analytics program may implement a visu-
alization engine or component to receive a set of data and
produce a compelling visualization for a given intent. The
visualization component may insert or replace a visualiza-
tion to support the uncovered facts in a manner which best
visualizes the factual statements in the text document or
prompt the user to adjust the factual statements 1n the case
of a contlict with the datasets.

According to one embodiment, the analytics program may
execute an NLP system on each sentence in the text docu-
ment or presentation to 1dentity the sentences that produce
tacts. The analytics program may then group the factual
statements internally, without changing the text in the text
document or presentation. The analytics program may group
the factual statements by matching the facts based on the
NLP footprint (e.g., subject, object, and verb combination)
of the sentences that produce the factual statements. For
example, factual statements with the same subject, object,
verb (and other modifiers) may constitute a group. To loosen
the matching, the subject, object, and verb may be related
using a distance measure 1n an ontology, which may need to
match a tuned threshold. Then, for each group of facts, the
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6

analytics program may search for structured documents that
match the group of facts using existing search techniques on
the terms found using the NLP. The factual statements from
the retrieved structured documents may then be matched
against the terms found 1n the text document using the NLP.
In order to perform this matching, the analytics program
may convert the structured documents to a format that may
be matched to the NLP derived facts. This may be done by
matching the context 1n the data (typically row and column
labels) to determine the context of the values 1n each value
cell (e.g., a technique known as tuple shredding). Using such
techniques, the value cells 1n the structured data may be
matched to the facts derived from the NLP.

Referring to FIG. 1, an exemplary networked computer
environment 100 1n accordance with one embodiment 1s
depicted. The networked computer environment 100 may
include a computer 102 with a processor 104 and a data
storage device 106 that 1s enabled to run a software program
108 and an analytics program 110a. The networked com-
puter environment 100 may also include a server 112 that 1s
enabled to run an analytics program 11056 that may interact
with a database 114 and a communication network 116. The
networked computer environment 100 may include a plu-
rality of computers 102 and servers 112, only one of which
1s shown. The communication network 116 may include
various types ol communication networks, such as a wide
area network (WAN), local area network (LAN), a telecom-
munication network, a wireless network, a public switched
network and/or a satellite network. It should be appreciated
that FIG. 1 provides only an 1llustration of one implemen-
tation and does not imply any limitations with regard to the
environments in which different embodiments may be
implemented. Many modifications to the depicted environ-
ments may be made based on design and implementation
requirements.

The client computer 102 may communicate with the
server computer 112 via the communications network 116.
The communications network 116 may include connections,
such as wire, wireless communication links, or fiber optic
cables. As will be discussed with reference to FIG. 5, server
computer 112 may include internal components 902a and
external components 904a, respectively, and client computer
102 may include internal components 9025 and external
components 9045H, respectively. Server computer 112 may
also operate 1n a cloud computing service model, such as
Software as a Service (SaaS), Platform as a Service (PaaS),
or Infrastructure as a Service (IaaS). Server 112 may also be
located 1n a cloud computing deployment model, such as a
private cloud, community cloud, public cloud, or hybnd
cloud. Client computer 102 may be, for example, a mobile
device, a telephone, a personal digital assistant, a netbook,
a laptop computer, a tablet computer, a desktop computer, or
any type of computing devices capable of runming a pro-
gram, accessing a network, and accessing a database 114.
According to various implementations of the present
embodiment, the analytics program 110q, 1105 may interact
with a database 114 that may be embedded 1n various storage
devices, such as, but not limited to a computer/mobile
device 102, a networked server 112, or a cloud storage
Service.

According to the present embodiment, a user using a
client computer 102 or a server computer 112 may use the

analytics program 110a, 1105 (respectively) to generate a
data visualization based on facts identified 1n a text docu-

ment and 1nsert the generated data visualization to support
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the 1dentified facts 1n the text document. The data visual-
ization method 1s explained in more detail below with
respect to FIGS. 2-4.

Referring now to FIG. 2, an operational flowchart 1llus-
trating the exemplary data visualization process 200 used by
the analytics program 110a, 1105 according to at least one
embodiment 1s depicted.

At 202, a set of facts are identified 1n a text document and
stored. The analytics program 110q, 1105 running on a user
device (e.g., client computer 102) may receive a human-
readable text document, such as a word document or a
presentation (e.g., social media post, article, e-mail), from a
user interacting with the user device. In response, the
analytics program 110q, 1100 may implement a natural
language processing (NLP) component to analyze the
unstructured data 1n the text document 1n order to 1dentify
one or more facts in the human-readable sentences of the
text document. Specifically, the NLP component may break-
down or segment the text document into one or more
sentences and then may further breakdown or tokenize the
individual sentences into separate words or tokens. There-
alter, the NLP component may tag each word or token of a
given sentence with a part-of-speech classification (e.g.,
subject, object, verb, adjective, adverb). In one embodiment,
the NLP component may further perform named entity
recognition on the tokenized sentence and may tag words or
expressions 1n the tokenized sentence that may indicate an
assertion of fact (e.g., names of people and companies,
geographic locations, product names, dates, quantities,
cvents).

Using the part-of-speech classifications and the named
entity recognition, the NLP component of the analytics
program 110q, 1105 may 1dentily one or more sentences in
the text document that may include facts. Then, the NLP
component of the analytics program 110a, 1106 may 1den-
tify one or more fact-relevant terms in the identified sen-
tences that may be associated with the facts included 1n the
sentences. Therealter, the analytics program 110aq, 1105 may
store the fact-relevant terms 1n a language independent data
structure, such as a repository 204. In one embodiment, the
repository 204 may be included locally 1n the data storage
device 106 of the user device (e.g., client computer 102). In
another embodiment, the repository 204 may be included
remotely 1n the database 114 of the user device (e.g., server
112) and the analytics program 110a, 1105 may transmit the
fact-relevant terms, via communication network 116, to the
repository 204 for storage.

The analytics program 110q, 1106 may map the fact-
relevant terms stored in the repository 204 from various
sentences 1n the text document to 1dentily a group or set of
facts that may be related. The analytics program 110a, 11056
may group the facts into the set of facts based on relating one
or more fact-relevant terms included 1n the set of facts. In
one embodiment, the analytics program 110aq, 11056 may
group the set of facts based on the NLP footprint, for
example, by matching sentences with the same part-oi-
speech classifications (e.g., subject, object, verb, adjective,
adverb) or named enfity recognition tags. In at least one
embodiment, the analytics program 110a, 1105 may loosen
the matching such that sentences with related part-of-speech
classifications may be grouped into a set of facts. The
analytics program 110a, 1105 may determine that the part-
of-speech classifications may be related using a distance
measure 1 an ontology. The distance measure may be
implemented to match a tuned threshold which may be
pre-defined by the analytics program 110a, 1105 or user-
defined based on an option provided by the analytics pro-
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gram 110q, 11056 1n a user preference dashboard. The ana-
lytics program 110q, 1106 may implement the NLP
component to group the set of facts internally (e.g., in the
repository 204) without changing the textual content in the
text document.

For example, the analytics program 110q, 1105 running
on a user device receives a word document from a user
interacting with the user device. The analytics program
110a, 1105 1mplements the NLP component to analyze the
text of the word document including, “90% of dentists
recommend brand A. Only 10% of dentists recommend
brand B. Brand A 1s better than brand B.” The NLP com-
ponent i1dentifies a first fact including a first fact-relevant
terms (“90%,” “dentists,” “recommend,” and “A”’) and fur-
ther 1dentifies a second fact including a second fact-relevant
terms (<10%,” “dentists,” “recommend,” and “B”). The
analytics program 110q, 1105 transmits, via communication
network 116, the first fact-relevant terms and the second
fact-relevant terms from the user device to the repository
204 for storage. The analytics program 110q, 1105 1mple-
ments the NLP component to identify the first fact and the
second fact as a set of facts based on the similarities in the
NLP footprint of the first fact-relevant terms and the second
fact-relevant terms stored in the repository 204.

Then, at 206, a dataset associated with the set of facts 1s
retrieved. The analytics program 110a, 1105 may include a
data search component internally, or may implement a data
search component externally (e.g., via an application pro-
gramming interface). The analytics program 110a, 11056 may
implement the data search component to locate a dataset 1n
an information source 208 that may be associated with (e.g.,
a Tact-supporting dataset or a fact-conflicting dataset) the set
of facts identified in the text document using the NLP
component. In one embodiment, the information source 208
may include an external information source such as the
World Wide Web (e.g., website, webpage). The data search
component may implement a verification mechanism to
ensure the accuracy of the websites or webpages included as
an mformation source for the dataset. In another embodi-
ment, the information source 208 may include an internal or
external knowledge database.

The data search component may index unstructured data
(e.g., research paper) found 1n the information source 208
into structured data (e.g., search index) and may then
perform a structured data search to query (e.g., via commu-
nication network 116) the structured data 1n the information
source 208 for the fact-relevant terms associated with the set
of facts. In one embodiment, the data search component may
parse through the structured data in the mformation source
208 1n a controlled manner to locate the fact-relevant terms
in various fields (e.g., title, author, publication date, content)
of the structured data. Thereaftter, the data search component
may retrieve (e.g., via communication network 116) one or
more results (e.g., datasets) from the information source 208
associated with the set of facts 1dentified 1n the text docu-
ment using the NLP component.

Continuing with the previous example, the analytics pro-
gram 110a, 11056 implements the data search component to
retrieve a dataset from the information source 208 associated
with the set of facts 1dentified 1n the word document using
the NLP component. The data search component transmits a
query to the information source 208, via communication
network 116, to locate the fact-relevant terms “dentists,”
“recommend,” “A,” and “B”. Specifically, the data search
component performs a structured data search in the infor-
mation source 208 and locates a dataset including “dentist
recommendations”™ 1n the title and a set of dentist recom-
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mendations 1n the content. Thereafter, the analytics program
110a, 1106 implements the data search component to
retrieve the dataset from the information source 208 wvia
communication network 116.

Then, at 210, an 1nquiry 1s made to determine 1f the
dataset supports the set of facts. The analytics program 110a,
1105 may implement the data search component to validate
the dataset retrieved from the information source 208 against
the set of facts 1dentified 1n the text document using the NLP
component. Specifically, the data search component may
analyze the factual statements 1n the dataset to determine 1f
the dataset matches or supports the set of facts identified in
the text document. In one embodiment, the analytics pro-
gram 110aq, 1105 may include an error threshold (e.g.,
+/-2%) and may determine that the dataset supports the set
of facts 1dentified 1n the text document 11 the dataset 1s found
to be within the error threshold of the set of facts identified
in the text document. In at least one embodiment, the error
threshold may be program-defined by the analytics program
110a, 1105. In another embodiment, the analytics program
110a, 1105 may provide the user with the option to set a
user-defined error threshold.

In one embodiment, the data search component may
convert the dataset (e.g., documents 1n extensible markup
language (XML) format) retrieved from the information
source 208 1nto a relational format (e.g., relational table)
suitable for performing a comparison between the data (e.g.,

factual statements) in the dataset and the set of facts 1den-
tified 1n the text document. In one embodiment, the con-
verted dataset may include a relational table including one or
more attributes or columns and one or more tuples or rows.
The data search component may analyze the relationship
between respective columns and rows (e.g., via matching a
respective column with a respective row) to determine the
context of the values 1n each value cell (e.g., tuple shred-
ding). As such, the analytics program 110aq, 11056 may
implement the data search component to compare or match
the values 1n each value cell of the relational table against
the set of facts identified 1n the text document to determine
i the factual statements of the dataset supports or validates
the set of facts. In one embodiment, the analytics program
110a, 1106 may implement the data search component to
aggregate each value 1n the value cells of the relational table
(c.g., the dataset) to determine 1f the dataset supports or
validates the set of facts (e.g., a quantity) identified 1n the
text document.

If the analytics program 110aq, 1106 determines that the
dataset does not support the set of facts at 210, then the
analytics program 110a, 1106 1ndicates a factual contlict at
212. In one embodiment, the analytics program 110a, 11056
may depict a visual indication (e.g., via underlining text,
highlighting text, graphical icons) on the text document
running on the user device to alert the user to the factual
conflict between the factual statements in the dataset
retrieved from the information source 208 and the set of
facts 1dentified 1n the text document. In at least one embodi-
ment, the analytics program 110a, 1105 may emait an audio
indication from the user device to alert the user to the factual
conflict. In another embodiment, the analytics program
110a, 1105 may provide a prompt (e.g., floating text box) on
the text document indicating to the user to adjust the set of
facts 1n the text document to resolve the factual conflict. The
analytics program 110a, 11056 may provide, 1n the prompt,
the factual statements from the dataset to enable the user to
adjust the set of facts in the text document accordingly.
Thereatter, the analytics program 110a, 1106 may return to
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202 of the data visualization process 200 to 1dentify the set
of facts in the text document.

Continuing with the previous example, the analytics pro-
gram 110a, 11056 implements the data search component to
convert the dataset including dentist recommendations into
a relational table, where each row of the relational table
indicates a dentist and the column indicates a dentist rec-
ommendation for each respective dentist. Thereafter, the
data search component aggregates each value 1n the value
cells of the relational table to determine the percentage of
dentists that recommend each brand of a product included 1n
the dataset. Based on the aggregation, the data search
component determines that the dataset indicates that 90% of
dentists recommend brand B and only 10% of dentists
recommend brand A. Accordingly, the analytics program
110a, 1105 determines that the dataset does not support the
set of facts (“90% of dentists recommend brand A. Only
10% of dentists recommend brand B.”) identified in the
word document. Thereafter, the analytics program 110a,
1105 indicates the factual contlict to the user by providing a
colored highlighting of the sentences, “90% of dentists
recommend brand A. Only 10% of dentists recommend
brand B.” 1n the word document. Further, the analytics
program 110a, 1105 provides a floating text box in the word
document 1including the factual statement (*90% of dentists
recommend brand B and only 10% of dentists recommend
brand A”) determined from the dataset to enable the user to
correct the inaccurate statements of the word document.

However, if the analytics program 110aq, 1105 determines
that the dataset does support the set of facts at 210, then the
analytics program 110a, 1105 provides a visualization of the
dataset at 214. The analy“[lcs program 110q, 1106 may
include a visualization engine or component configured to
automatically generate a data visualization. The analytics
program 110q, 11056 may implement the visualization com-
ponent to recerve the dataset as an input, analyze the dataset,
and generate a data visualization (e.g., by counting the
values 1n the dataset 1f the fact modifier 1s a quantity) that
may be optimized for a given intent (e.g., effectively com-
municating the set of facts 1n the text document). The data
visualizations may include, for example, bar graphs, line
graphs, area graphs, pie graphs, or any other suitable types
of data visualization. Thereatter, the analytics program 110a,
1105 may insert the generated data visualization into the text
document. In one embodiment, the analytics program 110a,
110> may generate multiple data visualizations from the
dataset and may provide the user with an option (e.g., via a
dashboard) to review and select a user-preferred data visu-
alization from the multiple recommendations. In at least one
embodiment, the visualization component may prompt the
user (e.g., via a text box) to replace a pre-existing data
visualization 1n the text document with the generated data
visualization 11 the visualization component determines that
the pre-existing data visualization 1s not optimized to com-
municate the set of facts 1n the text document. In another
embodiment, the visualization component may analyze the
pre-existing data visualization and may validate that the
pre-existing data visualization 1s of a form that optimally
supports the set of facts 1n the text document.

Continuing with the previous example, based on the
aggregation of each value 1n the value cells of the relational
table, the data search component determines that the dataset
indicates that 90% of dentists recommend brand A and only
10% of dentists recommend brand B. Accordingly, the
analytics program 110aq, 1106 determines that the dataset
validates and supports the set of facts (*90% of dentists
recommend brand A. Only 10% of dentists recommend
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brand B.”) idenfified in the word document. Then, the
analytics program 110a, 1105 implements the visualization
component to automatically generate a data visualization
from the dataset. The visualization component determines
that the intent of the set of facts 1n the word document 1s to
compare brand A and brand B of the product. Accordingly,
the visualization component generates a bar graph to depict
the percentage of dentists that recommend brand A of the
product and the percentage of dentists that recommend
brand B of the product. Thereafter, the analytics program
110a, 1105 1nserts the generated bar graph into the word
document 1ncluding the original text.

Referring now to FIG. 3, a block diagram illustrating an
exemplary data visualization process 300 implemented by
the analytics program 110a, 1105 according to at least one

embodiment 1s depicted.

The analytics program 110q, 1105 running on the user
device (e.g., client computer 102) receives a text document
302 as previously described at 202. In response, the analyt-
ics program 110a, 11056 implements the NLP component to
analyze the text document 302 in order to identily one or
more facts 1n the sentences of the text document 302 as
previously described at 202. Specifically, the analytics pro-
gram 110a, 1106 executes a fact extractor 304a of the NLP
component on each sentence of the text document to 1dentity
the sentences that include facts. The fact extractor 304a
identifies a first fact 306a (*90% of dentists recommend
brand A”) and a second fact 3065 (*“10% of dentists recom-
mend brand B”) in the text document 302 as previously
described at 202. Then, the analytics program 110a, 11056
executes a fact grouper 3045 of the NLP component to
internally group an n number of facts 306¢ identified in the
text document 302, without changing the text of the text
document 302. The fact grouper 3046 groups the first fact
306a and the second fact 3065 nto a set of facts 308 based
on the similarities 1 the NLP footprint of the first fact-
relevant terms (“90%.” “dentists,” “recommend,” and “A”)
and the second fact-relevant terms (*10%,” “dentists,” “rec-
ommend,” and “B”) as previously described at 202. Next,
the analytics program 110a, 1105 transmits, via communi-
cation network 116, the set of facts 308 and the respective
fact-relevant terms to the repository 204 for storage, as
previously described at 202.

Then, the analytics program 110a, 1105 executes a data
search component 310 to retrieve a dataset 312 from the
information source 208 associated with the set of facts 308,
as previously described at 206. Specifically, the data search
component 310 queries the information source 208 for the
fact-relevant terms (“dentists,” “recommend,” “A.” and
“B”) associated with the set of facts 308 and performs a
structured data search of the information source 208 to
locate the dataset 312, as previously described at 206. The
data search component 310 locates the dataset 312 including
“dentist recommendations™ in the title and a set of dentist
recommendations 1n the content. Next, the data search
component 310 aggregates the set of dentist recommenda-
tions 1n the dataset 312, as previously described at 210, and
determines that the dataset 312 supports that 90% of dentists
recommend brand A and 10% of dentists recommend brand
B.

After the analytics program 110aq, 11056 determines that
the dataset 312 validates the set of facts 308, the analytics
program 110a, 1105 implements a visualization component
314 to generate two data visualizations that represent the
dataset 312. Thereafter, the analytics program 110a, 11056
provides a text document 302qa, including a bar graph 3164
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generated by the visualization component 314, as will be
further detailed below with reference to FIG. 4.

Referring now to FIG. 4, an exemplary data visualization
dashboard 400 generated using the analytics program 110a,
1105 of FIG. 3 according to at least one embodiment 1s
depicted. The visualization component 314 provides the user
with a dashboard 400 including a bar graph 316a and a pie
graph 316b, both indicating the factual statements of the
dataset 312. The dashboard 400 includes a first input button
402a adjacent the bar graph 316a, where selecting the {first
input button 402qa 1s configured to 1nsert the bar graph 316q
into the text document 302. Similarly, the dashboard 400
includes a second input button 4025 adjacent the pie graph
3166, where seclecting the second mput button 4026 1is
configured to imsert the pie graph 3165 into the text docu-
ment 302. In response to the user interacting with the user
device (e.g., client computer 102) and selecting the first
input button 402a, the analytics program 110a, 1105 1nserts
the bar graph 316a into the text document 302 and provides
the user with a text document 302q including the original
text of the text document 302 and the bar graph 316a.

As described herein, the analytics program 110a, 1105
may provide data visualization generated dynamically based
on factual statements i1dentified 1n a human-readable text
document. The analytics program 110a, 1105 may have the
capacity to improve the techmical field of analytics by
processing the human-readable text document using NLP 1n
order to i1dentity the factual statements included 1n the text
document. Then, the analytics program 110aq, 11056 may
perform a structured data search of the web to locate and
retrieve a dataset of real data that may validate the factual
statements included in the text document. Thereafter, the
analytics program 110a, 11056 may automatically generate a
data visualization of the retrieved dataset validating the
factual statements included in the text document and may
provide the generated data visualization in the text document
to support the factual statements included in the text docu-
ment. Thus, the analytics program 110q, 1105 may improve
the functionality of a computer.

It may be appreciated that FIGS. 2-4 provide only an
illustration of one embodiment and do not imply any limi-
tations with regard to how different embodiments may be
implemented. Many modifications to the depicted embodi-
ment(s) may be made based on design and implementation
requirements.

FIG. 5 1s a block diagram 900 of internal and external
components of computers depicted 1n FIG. 1 in accordance
with an 1llustrative embodiment of the present invention. It
should be appreciated that FIG. 5 provides only an illustra-
tion of one implementation and does not imply any limita-
tions with regard to the environments in which different
embodiments may be implemented. Many modifications to
the depicted environments may be made based on design
and 1mplementation requirements.

Data processing system 902, 904 1s representative of any
clectronic device capable of executing machine-readable
program instructions. Data processing system 902, 904 may
be representative of a smart phone, a computer system,
PDA, or other electronic devices. Examples of computing
systems, environments, and/or configurations that may rep-
resented by data processing system 902, 904 include, but are
not limited to, personal computer systems, server computer
systems, thin clients, thick clients, hand-held or laptop
devices, multiprocessor systems, microprocessor-based sys-
tems, network PCs, minicomputer systems, and distributed
cloud computing environments that include any of the above
systems or devices.
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User client computer 102 and network server 112 may
include respective sets of internal components 902q, 5 and
external components 904q, b illustrated 1n FIG. 5. Each of
the sets of internal components 9024, b includes one or more
processors 906, one or more computer-readable RAMs 908
and one or more computer-readable ROMs 910 on one or
more buses 912, and one or more operating systems 914 and
one or more computer-readable tangible storage devices
916. The one or more operating systems 914, the software
program 108 and the analytics program 110aq in client
computer 102, and the analytics program 1105 1n network
server 112, may be stored on one or more computer-readable
tangible storage devices 916 for execution by one or more
processors 906 via one or more RAMSs 908 (which typically
include cache memory). In the embodiment illustrated 1n
FIG. 5, each of the computer-readable tangible storage
devices 916 1s a magnetic disk storage device of an internal
hard drive. Alternatively, each of the computer-readable
tangible storage devices 916 1s a semiconductor storage
device such as ROM 910, EPROM, flash memory or any
other computer-readable tangible storage device that can
store a computer program and digital information.

Each set of internal components 902a, b also includes a
R/W drive or interface 918 to read from and write to one or
more portable computer-readable tangible storage devices
920 such as a CD-ROM, DVD, memory stick, magnetic
tape, magnetic disk, optical disk or semiconductor storage
device. A software program, such as the software program
108 and the analytics program 110q and 1105 can be stored
on one or more of the respective portable computer-readable
tangible storage devices 920, read via the respective R/W
drive or interface 918 and loaded into the respective hard
drive 916.

Each set of internal components 902q, b may also include
network adapters (or switch port cards) or interfaces 922
such as a TCP/IP adapter cards, wireless wi-f1 interface
cards, or 3G or 4G wireless interface cards or other wired or
wireless communication links. The software program 108
and the analytics program 110q in client computer 102 and
the analytics program 1105 1n network server computer 112
can be downloaded from an external computer (e.g., server)
via a network (for example, the Internet, a local area network
or other, wide area network) and respective network adapt-
ers or interfaces 922. From the network adapters (or switch
port adaptors) or interfaces 922, the software program 108
and the analytics program 110q in client computer 102 and
the analytics program 1105 1n network server computer 112
are loaded 1nto the respective hard drive 916. The network
may comprise copper wires, optical fibers, wireless trans-
mission, routers, firewalls, switches, gateway computers
and/or edge servers.

Each of the sets of external components 904a, b can
include a computer display monitor 924, a keyboard 926,
and a computer mouse 928. External components 904a, b
can also include touch screens, virtual keyboards, touch
pads, pointing devices, and other human intertace devices.
Each of the sets of internal components 902a, 4 also includes
device drivers 930 to interface to computer display monitor
924, keyboard 926 and computer mouse 928. The device
drivers 930, R/W drnive or interface 918 and network adapter
or interface 922 comprise hardware and software (stored 1n
storage device 916 and/or ROM 910).

It 1s understood in advance that although this disclosure
includes a detailed description on cloud computing, imple-
mentation of the teachings recited herein are not limited to
a cloud computing environment. Rather, embodiments of the
present 1nvention are capable of being implemented in
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conjunction with any other type of computing environment
now known or later developed.

Cloud computing 1s a model of service delivery for
enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks,
network bandwidth, servers, processing, memory, storage,
applications, virtual machines, and services) that can be
rapidly provisioned and released with minimal management
ellort or interaction with a provider of the service. This cloud
model may include at least five characteristics, at least three
service models, and at least four deployment models.

Characteristics are as follows:

On-demand self-service: a cloud consumer can unilater-
ally provision computing capabilities, such as server time
and network storage, as needed automatically without
requiring human interaction with the service’s provider.

Broad network access: capabilities are available over a
network and accessed through standard mechanisms that
promote use by heterogeneous thin or thick client platforms
(e.g., mobile phones, laptops, and PDAs).

Resource pooling: the provider’s computing resources are
pooled to serve multiple consumers using a multi-tenant
model, with different physical and virtual resources dynami-
cally assigned and reassigned according to demand. There 1s
a sense ol location independence in that the consumer
generally has no control or knowledge over the exact
location of the provided resources but may be able to specity
location at a higher level of abstraction (e.g., country, state,
or datacenter).

Rapid elasticity: capabilities can be rapidly and elastically
provisioned, 1n some cases automatically, to quickly scale
out and rapidly released to quickly scale 1n. To the consumer,
the capabilities available for provisioning often appear to be
unlimited and can be purchased 1n any quantity at any time.

Measured service: cloud systems automatically control
and optimize resource use by leveraging a metering capa-
bility at some level of abstraction appropriate to the type of
service (e.g., storage, processing, bandwidth, and active user
accounts ). Resource usage can be monitored, controlled, and
reported providing transparency for both the provider and
consumer of the utilized service.

Service Models are as follows:

Software as a Service (SaaS): the capability provided to
the consumer 1s to use the provider’s applications running on
a cloud infrastructure. The applications are accessible from
various client devices through a thin client interface such as
a web browser (e.g., web-based e-mail). The consumer does
not manage or control the underlying cloud infrastructure
including network, servers, operating systems, storage, or
even 1mdividual application capabilities, with the possible
exception of limited user-specific application configuration
settings.

Platform as a Service (PaaS): the capabaility provided to
the consumer 1s to deploy onto the cloud infrastructure
consumer-created or acquired applications created using
programming languages and tools supported by the provider.
The consumer does not manage or control the underlying
cloud infrastructure including networks, servers, operating
systems, or storage, but has control over the deployed
applications and possibly application hosting environment
coniigurations.

Infrastructure as a Service (IaaS): the capability provided
to the consumer 1s to provision processing, storage, net-
works, and other fundamental computing resources where
the consumer 1s able to deploy and run arbitrary software,
which can include operating systems and applications. The
consumer does not manage or control the underlying cloud
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infrastructure but has control over operating systems, stor-
age, deployed applications, and possibly limited control of
select networking components (e.g., host firewalls).

Deployment Models are as follows:

Private cloud: the cloud inifrastructure 1s operated solely
for an organization. It may be managed by the organization
or a third party and may exist on-premises or ofl-premises.

Community cloud: the cloud infrastructure i1s shared by
several organizations and supports a specific community that
has shared concerns (e.g., mission, security requirements,
policy, and compliance considerations). It may be managed
by the organizations or a third party and may exist on-
premises or oil-premises.

Public cloud: the cloud infrastructure 1s made available to
the general public or a large industry group and 1s owned by
an organization selling cloud services.

Hybrid cloud: the cloud infrastructure 1s a composition of
two or more clouds (private, community, or public) that
remain unique entities but are bound together by standard-
1zed or proprietary technology that enables data and appli-
cation portability (e.g., cloud bursting for load-balancing
between clouds).

A cloud computing environment 1s service oriented with
a focus on statelessness, low coupling, modularity, and
semantic interoperability. At the heart of cloud computing 1s
an infrastructure comprising a network of interconnected
nodes.

Referring now to FIG. 6, illustrative cloud computing
environment 1000 1s depicted. As shown, cloud computing
environment 1000 comprises one or more cloud computing
nodes 100 with which local computing devices used by
cloud consumers, such as, for example, personal digital
assistant (PDA) or cellular telephone 1000A, desktop com-
puter 1000B, laptop computer 1000C, and/or automobile
computer system 1000N may communicate. Nodes 100 may
communicate with one another. They may be grouped (not
shown) physically or virtually, in one or more networks,
such as Private, Community, Public, or Hybrid clouds as
described hereinabove, or a combination thereof. This
allows cloud computing environment 1000 to offer inira-
structure, platforms and/or software as services for which a
cloud consumer does not need to maintain resources on a
local computing device. It 1s understood that the types of
computing devices 1000A-N shown 1n FIG. 6 are intended
to be illustrative only and that computing nodes 100 and
cloud computing environment 1000 can commumnicate with
any type ol computerized device over any type of network
and/or network addressable connection (e.g., using a web
browser).

Referring now to FIG. 7, a set of functional abstraction
layers 1100 provided by cloud computing environment 1000
1s shown. It should be understood in advance that the
components, layers, and functions shown i FIG. 7 are
intended to be illustrative only and embodiments of the
invention are not limited thereto. As depicted, the following
layers and corresponding functions are provided:

Hardware and software layer 1102 includes hardware and
solftware components. Examples of hardware components
include: mainframes 1104; RISC (Reduced Instruction Set
Computer) architecture based servers 1106; servers 1108;
blade servers 1110; storage devices 1112; and networks and
networking components 1114. In some embodiments, soit-
ware components include network application server soft-
ware 1116 and database software 1118.

Virtualization layer 1120 provides an abstraction layer
from which the following examples of virtual entities may
be provided: virtual servers 1122; virtual storage 1124;
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virtual networks 1126, including virtual private networks;
virtual applications and operating systems 1128; and virtual
clients 1130.

In one example, management layer 1132 may provide the
functions described below. Resource provisioning 1134 pro-
vides dynamic procurement of computing resources and
other resources that are utilized to perform tasks within the
cloud computing environment. Metering and Pricing 1136
provide cost tracking as resources are utilized within the
cloud computing environment, and billing or 1nvoicing for
consumption ol these resources. In one example, these
resources may comprise application software licenses. Secu-
rity provides i1dentity verification for cloud consumers and
tasks, as well as protection for data and other resources. User
portal 1138 provides access to the cloud computing envi-
ronment for consumers and system administrators. Service
level management 1140 provides cloud computing resource
allocation and management such that required service levels
are met. Service Level Agreement (SLA) planning and
tulfillment 1142 provide pre-arrangement for, and procure-
ment of, cloud computing resources for which a future
requirement 1s anticipated in accordance with an SLA.

Workloads layer 1144 provides examples of functionality
tor which the cloud computing environment may be utilized.
Examples of workloads and functions which may be pro-
vided from this layer include: mapping and navigation 1146;
soltware development and lifecycle management 1148; vir-
tual classroom education delivery 1150; data analytics pro-
cessing 1152; transaction processing 1154; and data visual-
ization 1156. An analytics program 110a, 1106 provides a
way to dynamically generate a data visualization based on
factual statements 1dentified 1n a human-readable text docu-
ment.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1in the
art without departing from the scope of the described
embodiments. The terminology used herein was chosen to
best explain the principles of the embodiments, the practical
application or technical improvement over technologies
found 1n the marketplace, or to enable others of ordinary
skill 1n the art to understand the embodiments disclosed
herein.

What 1s claimed 1s:

1. A method for dynamic data visualization, the method
comprising;

identifying at least one set of facts 1n a human-readable

text document;

retrieving, from an information source, a dataset associ-

ated with the at least one i1dentified set of facts;

in response to determining that the retrieved dataset

includes a fact-conflicting dataset that contlicts with the
at least one 1dentified set of facts, providing, in the
human-readable text document, an indication of a fac-
tual contlict between the retrieved dataset and the at
least one 1dentified set of facts;

in response to determining that the retrieved dataset

includes a fact-supporting dataset that validates the at
least one 1dentified set of facts, generating at least one
graphical data visualization of the fact-supporting data-
set, wherein the at least one generated graphical data
visualization includes converting an intent of the at
least one 1dentified set of facts that i1s textually
described 1n the human-readable text document 1nto a
graphical form; and
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inserting the at least one generated graphical data visu-
alization of the fact-supporting dataset into the human-
readable text document to support the at least one
identified set of facts.

2. The method of claim 1, further comprising;:

analyzing, using a natural language processing (NLP)
component, the human-readable text document to 1den-
tify a plurality of sentences 1n the human-readable text
document:

identifying, using a fact extractor of the NLP component,
a plurality of facts 1n the plurality of identified sen-
tences;

grouping, using a fact grouper of the NLP component, the
plurality of identified facts into the at least one 1denti-
fied set of facts based on relating at least one fact-
relevant term 1ncluded 1n the at least one 1dentified set
of facts; and

storing the at least one identified set of facts into a
language independent data structure.

3. The method of claim 1, further comprising;:

querying the information source for at least one fact-
relevant term associated with the at least one 1dentified
set of facts; and

performing a structured data search of the queried infor-
mation source to locate the retrieved dataset, wherein
the retrieved dataset includes the at least one fact-
relevant term associated with the at least one 1dentified
set of facts.

4. The method of claim 1, further comprising:

converting a plurality of unstructured data in the infor-
mation source 1mto a plurality of structured data; and

in response to querying the plurality of structured data for
at least one fact-relevant term associated with the at
least one 1dentified set of facts, locating the retrieved
dataset 1n the plurality of queried structured data.

5. The method of claim 1, turther comprising;:

converting the retrieved dataset into a relational format,
wherein a plurality of data included in the relational
format of the converted dataset 1s configured for per-
forming a comparison against the at least one 1dentified
set of facts in the human-readable text document;

determining at least one fact from the plurality of data
included in the relational format of the converted
dataset; and

in response to comparing the at least one determined fact
from the plurality of data included 1n the relational
format of the converted dataset against the at least one
identified set of facts 1n the human-readable text docu-
ment, validating the at least one 1dentified set of facts
in the human-readable text document using the at least
one determined fact from the plurality of data.

6. The method of claim 1, further comprising:

identifying a pre-existing data visualization in the human-
readable text document; and

in response to determining that the identified pre-existing,
data visualization 1s not optimized to communicate the
at least one 1dentified set of facts 1n the human-readable
text document, replacing the identified pre-existing
data visualization 1n the human-readable text document
with the at least one generated data visualization.

7. A computer system for dynamic data visualization,

comprising;

one or more processors, one or more computer-readable
memories, one or more computer-readable tangible
storage media, and program instructions stored on at
least one of the one or more computer-readable tangible
storage media for execution by at least one of the one
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or more processors via at least one of the one or more
memories, wherein the computer system 1s capable of
performing a method comprising:

identifying at least one set of facts in a human-readable
text document;

retrieving, from an information source, a dataset associ-
ated with the at least one 1dentified set of facts;

in response to determining that the retrieved dataset
includes a fact-contlicting dataset that conflicts with the

at least one 1dentified set of facts, providing, in the
human-readable text document, an indication of a fac-
tual contlict between the retrieved dataset and the at
least one 1dentified set of facts;

in response to determining that the retrieved dataset
includes a fact-supporting dataset that validates the at
least one 1dentified set of facts, generating at least one
graphical data visualization of the fact-supporting data-
set, wherein the at least one generated graphical data
visualization includes converting an intent of the at
least one 1identified set of facts that 1s textually
described in the human-readable text document nto a
graphical form; and

inserting the at least one generated graphical data visu-
alization of the fact-supporting dataset into the human-
readable text document to support the at least one
identified set of facts.

8. The computer system of claim 7, further comprising;

analyzing, using a natural language processing (NLP)
component, the human-readable text document to 1den-
tify a plurality of sentences 1n the human-readable text
document;

identifying, using a fact extractor of the NLP component,
a plurality of facts in the plurality of identified sen-
tences;

grouping, using a fact grouper of the NLP component, the
plurality of 1dentified facts 1nto the at least one i1denti-
fied set of facts based on relating at least one fact-
relevant term 1ncluded in the at least one 1dentified set
of facts; and

storing the at least one identified set of facts into a
language 1independent data structure.

9. The computer system of claim 7, further comprising;

querying the information source for at least one fact-
relevant term associated with the at least one 1dentified
set of facts; and

performing a structured data search of the queried infor-

mation source to locate the retrieved dataset, wherein
the retrieved dataset includes the at least one fact-
relevant term associated with the at least one 1dentified
set of facts.

10. The computer system of claim 7, further comprising:

converting a plurality of unstructured data in the infor-
mation source into a plurality of structured data; and

in response to querying the plurality of structured data for
at least one fact-relevant term associated with the at
least one 1dentified set of facts, locating the retrieved
dataset in the plurality of queried structured data.

11. The computer system of claim 7, further comprising;:

converting the retrieved dataset into a relational format,
wherein a plurality of data included 1n the relational
format of the converted dataset 1s configured for per-
forming a comparison against the at least one 1dentified
set of facts in the human-readable text document:

determining at least one fact from the plurality of data
included in the relational format of the converted
dataset; and
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in response to comparing the at least one determined fact
from the plurality of data included 1n the relational
format of the converted dataset against the at least one
identified set of facts 1n the human-readable text docu-
ment, validating the at least one 1dentified set of facts
in the human-readable text document using the at least
one determined fact from the plurality of data.

12. The computer system of claim 7, further comprising:

identifying a pre-existing data visualization in the human-
readable text document; and

in response to determining that the identified pre-existing,
data visualization 1s not optimized to communicate the
at least one 1dentified set of facts 1n the human-readable
text document, replacing the identified pre-existing
data visualization in the human-readable text document
with the at least one generated data visualization.

13. A computer program product for dynamic data visu-

alization, comprising:

one or more computer-readable tangible storage media
and program 1instructions stored on at least one of the
one or more computer-readable tangible storage media,
the program instructions executable by a processor to
cause the processor to perform a method comprising:

identifying at least one set of facts 1n a human-readable
text document:;

retrieving, from an mnformation source, a dataset associ-
ated with the at least one i1dentified set of facts:

in response to determining that the retrieved dataset
includes a fact-contlicting dataset that conflicts with the
at least one 1dentified set of facts, providing, in the
human-readable text document, an indication of a fac-
tual conflict between the retrieved dataset and the at
least one 1dentified set of facts;

in response to determining that the retrieved dataset
includes a fact-supporting dataset that validates the at
least one 1dentified set of facts, generating at least one
graphical data visualization of the fact-supporting data-
set, wherein the at least one generated graphical data
visualization includes converting an intent of the at
least one 1identified set of facts that i1s textually
described 1n the human-readable text document into a
graphical form; and

iserting the at least one generated graphical data visu-
alization of the fact-supporting dataset into the human-
readable text document to support the at least one
identified set of facts.
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14. The computer program product of claim 13, further

comprising;

analyzing, using a natural language processing (NLP)
component, the human-readable text document to 1den-
tify a plurality of sentences 1n the human-readable text
document;

identifying, using a fact extractor of the NLP component,
a plurality of facts in the plurality of i1dentified sen-
tences;

grouping, using a fact grouper of the NLP component, the
plurality of 1dentified facts 1nto the at least one 1denti-
fied set of facts based on relating at least one fact-
relevant term included in the at least one 1dentified set
of facts; and

storing the at least one identified set of facts into a
language independent data structure.

15. The computer program product of claim 13, further

comprising;

querying the information source for at least one fact-
relevant term associated with the at least one 1dentified
set of facts; and

performing a structured data search of the queried infor-

mation source to locate the retrieved dataset, wherein
the retrieved dataset includes the at least one fact-

relevant term associated with the at least one 1dentified
set of facts.

16. The computer program product of claim 13, further

comprising;

converting a plurality of unstructured data in the infor-
mation source 1nto a plurality of structured data; and

in response to querying the plurality of structured data for
at least one fact-relevant term associated with the at
least one 1dentified set of facts, locating the retrieved
dataset in the plurality of queried structured data.

17. The computer program product of claim 13, further

comprising;

converting the retrieved dataset into a relational format,
wherein a plurality of data included 1n the relational
format of the converted dataset 1s configured for per-
forming a comparison against the at least one 1dentified
set of facts in the human-readable text document:

determining at least one fact from the plurality of data
included i1n the relational format of the converted
dataset; and

in response to comparing the at least one determined fact
from the plurality of data included in the relational
format of the converted dataset against the at least one
identified set of facts 1n the human-readable text docu-
ment, validating the at least one 1dentified set of facts
in the human-readable text document using the at least
one determined fact from the plurality of data.
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